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Overview
" Timeline = DOE strategic goals/barriers addressed
2014 Ford Focus BEV — F: Constant advances in technology
— Testing complete — D: Lack of standardized test protocols
— Final reporting and data out-reach ongoing — E: Computational models, design and

simulation methodologies

2015 Honda Accord PHEV
(Data availability)

— Preliminary testing complete
— Break-in complete
— In-depth testing on-going

= Partners
— DOE and other National Laboratories
— USCAR, OEMs, and Suppliers

= Budget
— FY 2014 S350k
e Ford Focus BEV

— FY 2015 $450k
e Honda Accord PHEV




Relevance: Three Components of HEV Systems

“VTO is advancing the large-scale, cost-
|n-depth vehicles selected with DOE, Lab, competitive production of the next

and OEM input to assess emerging vehicle generation of electric-drive vehicles through

and component technologies: three complementary component-and
* Ford Focus BEV: system-level technology pathways:”

— DOE emphasis on increased electric
vehicle market penetration and Low-cost power
technology development electronics

— Evaluation of electric vehicle benefits Reduce cost, Modeling/

increase energy. Simulation and
of energy Laboratory and

and challenges
storage R Field Testing

Laboratory and Field Testing Objectives

* Establish the state-of-the-art automotive technology baseline for powertrain
systems and components through data generation and analysis

* Provide independent evaluation of technology
* Generate data to support target creation and hardware/model validation
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Relevance: Purpose and Destination of Data and Analysis

“Knowing how good you are requires an accurate picture of
how good everybody else is”

Independent technology evaluation
Baseline for technical targets and goal

setting

J Component and sub system efficiencies: average
over drive cycles at different temperatures as well
as efficiency mapping...

Battery system, inverter and motor system, auxiliary
loads, power profiles and distributions ...

(D3 Dynamometer R

Downloadable
Database Technology challenge

\le/ted IS Bl SE _J Heating , Accessory loads,....

Modeling Support
Component mapping
Thermal analysis
Climate control system
Data for validation

Codes and Standards
Data for procedures
development and
validation
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Milestones: Providing In-depth Data and Analysis for

Components and Vehicles
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Approach/Strategy: Vehicle Selection

For highly efficient vehicles, it is important to

MY 2012 Ford Focus BEV

understand the breakdown of where energy http://www.ford.com/cars/focus/trim/electric/
is lost! Vehicle architecture Single speed BEV
= First in-depth BEV tested at ANL (7.82:1 FD reduction ratio)
= Extensive thermal instrumentation... Test weight 3,750 Ibs
—  Three main circuits Power plant Main traction motor

Permanent magnet

(battery, cabin, powertrain) 107 KW max reported power

— Temp and flow for nearly every node 250 Nm max reported torque
— Coordinated with ANL M+S, NREL, Battery LG Chem/CPI
and USCar (Ford) for instrumentation Lithium-ion
= Evaluation of electrical loads LZJ?;aKk:/I\;? Total capacity (19.8
— All pumps, fans, heaters, etc., 107 kW Peak observed power
instrumented with v and / sensing 6.6 kW Charger
EPA Label “Fuel” MPGe: 110 City / 99 Hwy / 105
Economy Cmb.
Performance Reported 0-60 Time: 9.5 s

Top Speed: 84 mph claimed
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Approach/Strategy: Extensive Vehicle Instrumentation

A wide mix of direct instrumentation, off-line sensors, and
CAN bus information was used during testing

Thermal Instrumentation Electrical Instrumentation
1
I
O. Charger s HY Bz"tt __ To Traction
ery C
Heat ‘ Drive System
eater Wall (preEVSE): ;
Core Hioki Channel & %
Total Battery Throughput: L ioki Hiok ok
= Hioki Channel 1 (500A) I loki
’ + Hioki Channel 2 (20A) Channel 4 Channel 7 Channel 6
(] = Hioki Channel 10 (500A)— selected runs
Cabin PTC B:t:v Dc/pc AC Cabin Coolant
Heater @ ey . Converter  Compressor Heater
. Temperature sensor Hicki Channel 5 Hioki Channel 3 P
. Flow sensor Traction Vacuum Pump mmmmm High voltage power flow
DC/DC o= System Hioki Channel 9 mmm  ow voltage power flow
Y HYACCabiniFan O Hioki clamp location
Battery Coolant LEM current sensor P
4/ o LEM sensor location
Pump
@ LEM current sensor
Pm:fertrain Radiator Fan
Cooling Pump LEM current sensor
LEM curren it sensor

attery Heater

Radlator Batt. @ ' Cahin HVAC Hioki Channel 10 — selected runs
Coolant Pump
LEM current sensor

Vehicle was tested across a wide range of US and EU regulatory cycles, real-world cycles, and
specialized evaluation cycles. Ambient temperatures ranging from OF to 95F + Solar load were
evaluated to assess the impacts of HVAC on vehicle efficiency and range
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Approach/Strategy: Extensive Vehicle Instrumentation

Vehicle air conditioning system was thoroughly instrumented
per the requests of several analysis groups

Condenser Inlet Air Temps. Other Signals
. Highlighted CAN and
Direct AKIE Scantool-OCR Signals
Torgue Sensing BateryCrargalrT. O

HwBatteryS0OC Display _OCR
BatteryCoolantinletTemp_OCR
Passenger axle torgue BatteryDischargelimit_OCR
BatteryTemperature_OCR

OutdoorTemp_COCR

Driver axle torgue

Batt SOC CaM[%]
Brake_Pedal_Press_Can[]
Brake_Pedal _Press2_CAN[]
AC Switch State CAN[I/O]
hotor_Spd_CAN[RPIM]

Pedal_Accel Pos CAM[%]
wheel Spd 1 CAN[MPH]
1

]

——High-Side

—Low-Side Wheel_Spd_2_CaN[MPH

wheel Spd 3 CAN[MPH
whieel_Spd_4 CAN[MPH]
Motor_Clnt_Ternp_ CAN[C]
Brake_Switch_State CamM[1/0]
PRMDL_Pos_ GaN[]
Batt_Current_CAN[A]
Batt_‘oltage CAN[W]
HwAC_Fan_Demand_CAN[]
AC Off State CAN[]
0 250 500 750 1000 1250 HWaC Went_Lower State_CAN[]

Time (s) HwaC vent_Front_State_CAan([]
HwaC vent_Defrost_State CAN[]
HVAC_Comp_Press_High[kPa] HVAC Recirc_State CAN[]
2 -." HVAC_Comp_Press_Low[kPa] H\.f'AC_Temp_Se.tting_Driver_C.ﬂ.N[]
Hwas Temp_Setting Passenger CaN[]
(Tapped stock veh. Sensors) HVAC_Defrost_Rear_State_CAN[]

ACComp_Out_Hose_Temp|[C]



Accomplishments: US Cycle Testing (Full Depletion)

= Vehicle shows 65-113 mile full depletion Claimed Total Capacity| 23  |kW-hr
range depending on cycle aggressiveness  ([Total Usable Capacity | 19-19.5 [kW-hr

= Peak traction power from battery observed [SOC Swing 85 % SOC

at roughly 107 kW (regen. 56 kW) Battery Utilization 83-85 (%

= Roughly 85% SOC swing during full
depletion from full charge

Peak Discharge Power 107 kW
Peak Recharge Power 56 kW

Peak Axle Torque 1924 |Nm
Drive Axle Power 98 |Kw
Full Charge Time 3.6 |hr(@ 6.6 kW)

o Full-Charge-Test Driving Range @ 72F Ambient
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Accomplishments: Energy Allocation versus Ambient Temp.
Looking at the relative break-down of energy provides more insight into losses

= Axle losses interact with HVAC loading to over/under emphasize the penalty associated
with heater/air-conditioning at more extreme ambient temperatures

20F 20F 72F 95F 20F 20F 72F 95F 20F 20F 72F 95F
preheat preheat preheat
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Accomplishments: Battery Preconditioning Example

Battery Conditioning During Charge
= Focus BEV testing highlights that integrated cooling .

. P . 900
loops used with battery preconditioning may lead to S S S A T
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) . g £
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Accomplishments: 12V Accessory Load Break-down

Detailed electrical instrumentation allows for the impacts of
various loads to be evaluated and quantified relative to operation

20F Ambient 72F ambient 95F ambient + 850W/m?

UDDS UDDS 3%
Py 369 W Poyg 175 W

B DC-DC Losses 80% -
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B Vacuum Pump
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Accomplishments: In-depth Testing for SAE Hybrid
Powertrain Power Test Support (J2908)

\-_.-——"J./

ANL-level 2 Voit.
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Collaborations and Coordination with Other Institutions

In-depth Benchmarking Informs Many Stakeholders

(11711 HEV & PHEV test procedures\
J1634 EV test procedures
(AVTA (Advanced Vehicle\ J2908 Hybrid Powertrain Power
Testing activities) .
* In-depth vehicle and <A International
component evaluation \ )
G’l-depth Benchmarking\

(" )

DOE technology evaluation
e DOE requests

e National Lab requests

e
_DNRE

2 A~
O\ £ /&)
50 >
L ; R IATES
T ornl T
e Nosongl Lobersiory

42

AR RN AL AR

(Autonomie \ e ~
e Support of modeling USDRIVE, tech teams and OEMs
and simulation with data e Shared test plans, data and
B e T

analysis : e
K ALUTONOMIE ) \ B st 77 )
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S u m m a r Relevance: Purpose and Destination of Data and Analysis
“Knowing how good you are requires an accurate picture of

how good everybody else is”

Independent technology evaluation

/ Baseline for technical targets and goal

setting

Component and sub system efficienci
ver drive cycles at different temper:

as efficiency mapping.

Battery system, inverter and motor system, auxifiary

loads, power profiles and distributions ...

Research Highlights:

= Energy break-down supports DOE’s high-level push
toward increased battery capacity and lower mass/road-
loads for dramatically increased vehicle range.
(while retaining the need for other improvements)

D3 Dynamometer
Downloadable

Technology challenge
- Innovation opportunity
Heating , Accessary loads,

A
fm!fed F' Dn: d

Dalabase
gn\‘f 3

= Reduced axle/tire losses appear to be an area in which -
improvements can be broadly applied. B e e e ian?”

= Axle losses interact with HVAC loading to over/under emphasize the penalty associated
with heater/air-conditioning at more extreme ambient temperatures

= |mpact of cold operation (heater) is significantly larger
than that of hot operation (air conditioning). Both depend | .= e

on cycle tractive power.
Data Dissemination II II III

= Full data sets posted to USDrive website for stakeholders B -

20F 20 72F 95F F 2P T2F 95F 20F 20F 72F 95F
preheat

S
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Battery Energy Consumption (W-hr/mi
z
g

= Partial datasets posted to ANL D3 for public access

= Several SAE and related journals/presentations regarding
in-depth testing g, results, and analysis

Future/On-going Work
" |n-depth Honda Accord PHEV testing on-going

A
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ractive Efficiency Analysis
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